Nowadays, radiation technology is widely used to produce changes in Biosystems. The goal of this work is to determine the variation induced male Pectinophora gossypiella in gamma-irradiated as pupae using 50Gy and 150Gy. Comparing elements composition and DNA (using RAPD-PCR) between substerile 50Gy and the sterile dose 150Gy in P. gossypiella showed variation between them. Potassium (K) was the most abundant elements in unirradiated and irradiated males followed by magnesium (Mg). The percentage of heavy metals as copper, zinc, and cadmium concurrent with K was directly proportional to the radiation dose. While the percentage of Mg, Phosphorous and calcium decreased as the radiation dose increased. The results also revealed that some extra bands appeared and others disappeared, as a result of irradiation. The appearance of extra bands may be due to the repair mechanism of the irradiation damaged DNA. The banding patterns obtained and the dendrograms drawn on the basis of presence and absence of bands revealed that 150Gy irradiated pupae are more different from the unirradiated pupae than the 50Gy irradiated pupae. It was concluded that the sterile male technique could be used as a benefit tool in controlling P. gossypiella.
INTRODUCTION
Cotton is one of the worldwide essential economic crops. It provides sustenance to farmers, factories, textile workers and earns foreign exchange. The pink bollworm; Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae) has become a real threat to pesticides. It attacks to fruiting bodies of cotton ranges from 20-30 percent 1 .
There is an immediate need for simple methods to control this destructive insect. The technique of using ionizing radiation to induce sterility in the F1 generation by irradiating the parents is now the most promising genetic method for suppression of lepidopterous population 2 . The irradiation of mature pink bollworm pupae at a dose of 100 or 150Gy of gamma radiation indicated that reproduction of irritated males, when confirmed with untreated female moths, was reduced by 88% or more in F1 progeny 3 .
Metals play an important role in the maintenance of biological, biochemical and physiological pathways, so insects concentrate metals in their tissues. This assemblage in insects differs from one species to another and from one metal to another 4 . The major and trace elements are vital to the insect to sustain an ionic balance suitable to the activity of insect, as cofactors of some enzyme systems 5 . El-Shall 6 on Spodoptera littoralis mentioned that the disturbance in elemental metabolism due to irradiation may play an indirect role in the sterility phenomenon since several elements have an essential function as activators and/or coenzymes for many of the enzymatic reactions which control certain physiological processes. Insect sterilization through induction of dominant lethal mutation in the genetic material results from the exposure to ionizing radiation (IR) 7 . A major source of the mutation load in living organisms is the oxidative DNA damages, with more than one hundred oxidative DNA adducts 8 .
Recently, several selective and sensitive assays developed, such as restriction fragment length polymorphism, quantitative traits loci, random amplified polymorphic DNA (RAPD), amplified fragment length polymorphisms, simple sequence repeat, variable number of tandem repeats for DNA analysis in eco-genotoxicology as a result of the advances in molecular biology 9 . RAPD-PCR is one of the most feasible methods or techniques used for detection of DNA damage and mutations comparing DNA fingerprints from untreated and treated samples 10, 11 . Previous studies have shown the biochemical and biological effect of gamma radiation doses (100 and 150 Gray) on F1 adult male and female almond moths, Ephestia cautella (Walker) (Pyralidae: Lepidoptera) descendant of irradiated parental male pupae 12 , and the variation induced in elemental contents in the body tissues of Galleria mellonella adult males and females parents irradiated with 50 and 150 Gy and their F1 generation 13 . The present study aimed to investigate the alterations of element concentrations and DNA pattern in male P. gossypiella related with irradiation of mature pupae with substerile and sterile dose (50 and 150Gy) in order to establish radiation as a control tool.
MATERIALS AND METHODS

Insect Rearing
The pink bollworm, Pectinophora gossypiella were obtained from Bollworms Research Department, Plant Protection Research Institute, Dokki, Giza, Egypt. It reared to several generations on modified artificial diet as described by Abd El-Hafez et al.
14 under laboratory controlled conditions at 27+1°C and 75+5% R.H.
Irradiation process
Full-grown pupae were gamma irradiated with sub sterilizing and sterilizing doses (50 Gy and 150 Gy, respectively), using Co 60 gamma irradiation unit located at National Center for Radiation Research and Technology, Cairo, Egypt. The dose rate was 1.774 KGy/h. at the time of the present investigation.
Preparation and analysis of Metal (mineral) percent
Newly emerged males of unirradiated and irradiated pupae were oven dried, defatted and analyzed by Energy Dispersive X-ray analyzer (EDX), this analyzer attached to Scanning Electron Microscope (SEM) model HEOL-JSM 4500. The program software used is OXFORED-ISIS under windows. The EDX constituent is; X-ray detector, multichannel analyzer and a programmed computer with X-ray analysis software. X-ray is emitted from the samples surface when bombarded with an electron beam. From this analysis, we can determine the kinds of elements exist in the adults' body and the percentage of each metal. Five replicates were conducted for each radiation doses and control 13 .
DNA extraction and RAPD-PCR
Unirradiated and irradiated adults were ground using a mortar and pestle with liquid nitrogen. Extraction and purification of samples were carried out using DNeasy mini spin columns as described by by the manufacturer (Qiagene, Hilden, Germany) and stored at -80 o C. RAPD-PCR reaction was performed according to the protocol of Williams et al. 15 . Reactions were performed in a total volume 50µL reaction buffer (100mMKcL, Tris HCL ph 8.3) 3mM MgCl2, 150 mMdNTPs (Promega Biotech. Inc.), 50p/mole primers and 1µTaq polymerase (obtained from Operon Technologies). This reaction was added to 0.1µl genomic DNA. Tubes containing mixes were placed in a thermocycler (Perkin -Elmer 2400) and DNA was amplified using the following temperature profile modified from Black et al. 16 . Eight arbitrary primers were used, 4 of them only gave polymorphism with the samples (Table 1) . Amplification was carried out for 40 cycles after initial denaturation for 4 min at 94°C. Each cycle consisted of denaturation at 94°C for 1 min; annealing at 36°C for 1 min; extension at 72°C for 1 min and final extension at 72°C for 10 min. After the reaction, the mixture was mixed with DNA loading buffer and electrophoresed on 1% Agarose gel. Using 250pb DNA ladder, the lengths of the different DNA fragments were determined. The electrophoresis gel images were recorded using a gel Documentation system (UVP, UK). RAPD fragments and lane matching were scored as present/absent band using gel analyzer program CLIQS 1D Pro (Totallab). Bands in each treatment were compared using the similarity index formula of Nei and Li (1979) which reflects the extent of band sharing between individuals. 
Statistical Analysis:
The data of the elements composition were analyzed by one-way analysis of variance (ANOVA) followed by Dunnett's multiple ranges to compare different group means, using SPSS statistic program (version 20).
RESULTS
Elements composition percentage of Pectinophora gossypiella adult males resulted from irradiated pupae with sub sterilizing and sterilizing doses compared with control are shown in table 2. The percentage of zinc (Zn) in unirradiated sample reached 7.32% then increased slightly to 9.59 and 12.15% in samples irradiated with 50 and 150 Gy, respectively. The Cadmium (Cd) percentage recorded was 6.68% in control; this percentage showed a slight increase when treated with 50 and 150 Gy to reach 7.18 and 8.48%, respectively. Also, the percentage of the heavy metals increased as the radiation dose increased.
Evaluation of DNA changes between control and irradiated samples of P. gossypiella adult males:
Numbers of polymorphic and monomorphic bands of the different treatments with the four random primers are shown in table 3. 457
The MS of polymorphic fragments produced by RAPD analysis using E2 primer were 2827, 1638, 1425, and 1045. The first and second bands were monomorphic bands. A radiation dose of 150Gy caused the absence of the third band. The fourth band appeared only in the group irradiated with 50Gy. The result of RAPD analysis using A1 primer revealed the presence or absence of polymorphic bands with MS 2873, 1588, 902, 679, 450, and 312. The first band was absent in the control group while the second band was absent in group irradiated with 50Gy. The third band was present in the control but the fourth band was present in 50Gy irradiated groups. The fifth band is the monomorphic one while the sixth band was absent in sample irradiated with 150Gy. Two bands with MS 2955 and 2239, another band with MS 1310 and one band with MS 902 were found in the control group but disappeared in irradiated ones using V12, U10 and A1 primers, respectively. This may be due that gamma radiation turning off such gene. On the other hand, two bands with MS 650 and 280 appeared in the an group irradiated with 150Gy using V12 primer. Other two bands with MS 1045 and 679 appeared in the group irradiated with 50Gy using E2 and A1 primers, respectively. Figure (1a The similarity index (SI) was 0.25 and 0.75 between the control and both of the samples irradiated with 50 and 150Gy, respectively. Such SI between both of the irradiated samples reached 0.33 using V12 primer (table 5) . Using U10 primer, 4 common bands between the control and 50Gy irradiated groups were obtained ( figure 1b) , their MS were 781, 548, 367, and 287. While there were 2 common bands between the control and 150Gy irradiated groups with average MS 376 and 287. The SI between the control and the 50Gy irradiated group reached 0.89 while such SI with the 150Gy irradiated group was 0.57. The SI between the 50 and 150Gy irradiated groups reached 0.67 (table 5). Figure (1c) showed the comparison of DNA pattern between the unirradiated and irradiated pupae (50, 150Gy) using an E2 primer. Common bands with MS 2827, 1638 and 1425 were produced in both control and 50Gy irradiated groups while 2 common bands between control and 150Gy irradiated groups were present with MS 2827 and 1638. The SI between both the control and 50Gy irradiated samples, from one side and the control and 150Gy irradiated groups on the other side reached 0.86 and 0.8, respectively. Such index between both of the irradiated groups was 0.67 (table 5) . Two common bands were obtained using A1 primer between the control and 50Gy irradiated pupae and the control and 150Gy irradiated groups with MS (450 and 312) and (1588 and 450), respectively (figure 1d). Table (5) shows that the SI between the control and 150Gy irradiated group, from one side and between the both irradiated groups was 0.57 while such SI reached 0.5 between the control and 50Gy irradiated groups using A1 primer.
DISCUSSION
The main role of essential trace minerals is to control and provide the proper activity of many enzymatic or biochemical reactions, numerous metabolic interactions between essential (or dietary) minerals and toxic elements may decrease risks caused by toxic metals. This may be due to the fact that both essential and toxic metals have common chemical properties 18 .
All chemical elements that occur in excessive quantities act as stressful stimuli for a living organism. The minor elements, especially active or toxic ones, play a special role in metabolism and specific synergistic or antagonistic interactions. Such interaction results from the fact that ions with the same charge can alter each other's effect. Therefore, coexistence and concentration of other ions may affect the biological role of a particular ion. This may lead to the disturbance of the chemical balance in the organism, which then causes unexpected biological effects 19 . The present study illustrated that the elements composition of unirradiated males was K, Mg, Ca, P, Cu, Zn and Cd. The obtained results revealed that the percentage of the elements varied according to the dose of gamma irradiation applied and it was obvious that K is the most major element in unirradiated and irradiated adults' males, this result agrees with Haiba & El-Halafawy 20 on Phthorimaea operculella, Rizk 
on
Galleria mellonella and Abassy 21 on Corcyra Cephalonica.
The high level of potassium may be related to its importance in the osmotic regulation of the blood and conductivity of the muscle membrane 22 . In the current study, the concentration of K, Cu, Zn and Cd was raised in males irradiated as pupae with 50 and 150Gy. On the other hand, Mg, Ca and P concentration was reduced due to pupal irradiation. The concentration of several active major and trace elements can be used as effective biological indicators of acute radiosensitivity on a species level 23 , and the change in the elements concentrations might be due to the effect of ionizing radiation on the linkage between the chemical compounds, which led to breakage or aggregation of bonds. The results of our study revealed that Mg concentrations decreased as the radiation dose increased. It was reported that Mg ions are essential to all cells as they are important to the basic nucleic acid. They catalyze enzymes using or synthesizing ATP 24 .
The decrease in calcium concentration is incompatible with Mohamed & Ghareib 12
on Ephestia cautella. This decrease may attribute to the calcium role in regulating power output of stretch and the indirect role flight muscles (A-IFMs) that are specialized to generate high mechanical power at fast contraction frequencies 25 . The present results recorded an increase in copper concentration in adults after pupal irradiation. This finding agreed with Abassy 21 on Corcyra Cephalonica. The reason of that increase may be due to the breaking effect of gamma radiation on tyrosine, melanin, and hemocyanine. As, Chapman 22 stated that copper is the persistent metallic element constituted of tyrosine, melanin, and hemocyanin, which is copperprotein complex in the hemolymiph functioning like hemoglobin as in oxygen carrier.
It is well known that inorganic phosphorus is used to transport cellular energy in the form of adenosine triphosphate (ATP) 26 , which clarify the decrease in phosphorus concentration in the current study. The resultant decrease in phosphorus concentration as revealed in our results might contribute to the changes occurred in DNA pattern in RAPD-PCR since it comprises a crucial element in its formation, which explains the radiosensitivity of DNA and RNA. RAPD is a PCR-based molecular marker that is sensitive, effective, cheap and relatively simple as it amplifies the DNA damage after exposure to any physical and chemical agents 27 . Detection of genotoxic effects using this technique involves the comparison of banding profiles obtained from control and exposed DNA 28 . The study of the DNA pattern of normal adults and adults, previously irradiated as pupae, showed variations between them. The appearance of some extra bands and disappearance of others, as a result of irradiation, were recorded throughout our investigation causing the variations in the PCR pattern among the different samples. This agreed with Hamed et al. 29 and Elsaid 30 . The variations in the PCR patterns depend on the primer used, the dose of gamma irradiation given to the insect. The loss of the bands may be related to single and double-strand breaks, modified bases, oxidized bases, and point mutations induced by gamma radiation 31 . The appearance of new bands may indicate changes in some oligonucleotide priming sites due to mutations or conformational DNA changes 32 . Ionizing radiation induces cytotoxic and mutagenic effects which are due to the genetic damage which may be caused during or immediately after transfer of radiation energy to genomic DNA certain characteristics as, (1) the damage by shortlived reactive oxygen species (ROS) and (OH -) generated by the radiolysis of water;
(2) the damage due interaction of DNA with radiation; (3) mutations are set on genome replication 8 . DNA damage induced by ROS can result in single-or doublestrand breakage, modification of bases, modification of deoxyribose, and DNA cross-linking. Some damages as cell death, DNA mutation, genomic instability and replication errors can occur if the oxidative DNA damage is not repaired prior to DNA replication 33 . Ionizing radiations resulted in a dissociation of the histones from the chromatin, hence, the DNA in vivo is in the form of chromatin 34 . DNA damage is caused as a result of the reaction of the reactive radicals produced from the fragmentation of protein subunits with a small segment of the nucleic acid 35 . Inhibition of the enzymes required for DNA synthesis as DNA polymerase as well as DNA repair, after the exposure to ionizing radiation, may inhibit DNA synthesis. This could occur by random DNA-protein binding , binding of the DNA polymerase to the irradiated DNA prior to or during the initiation of DNA synthesis or binding of the polymerase to the irradiated DNA after initiation and further along the DNA chain, i.e., during elongation 36 . It was reported the repairable damage might become non-repairable after a short time 37 .
CONCLUSION
It was concluded that gamma radiation-induced alteration in the adult Pectinophora gossypiella biosystem. It caused changing of the metal composition, appearance and disappearance of some DNA bands. Changes of the adult biosystems were increased as the radiation dose increased. So, the use of the gamma radiation could cause sterilization of P. gossypiella adult irradiated as mature pupae.
